The concept of technological catch-up, as it refers to a situation where some less developed countries have been able to catch up to the world leaders in terms of innovation, has inspired an abundant amount of scholarly attention.
Introduction
Economists, economic historians and economic geographers (among others) have for long been interested in the concept of "technological catch-up" as it refers to the ability of some formerly less developed countries to catch-up to the world leaders in economic terms (e.g. Abramovitz 1986; Gerschenkron 1962 ). Due to its complexity, the literature on catching-up has evolved in recent decades towards systemic approaches (Fagerberg and Srholec 2008) . An important reference point in the contemporary debate on technological catch-up is, thus, the abundant literature (for a review see Fagerberg and Sapprasert [2011] ) on "national innovation systems" (NISs). The reasoning behind this recent interest on NIS capabilities and technological catch-up has been aptly summarized by Archibugi (2008, 1670) :
"In a Schumpeterian perspective, innovative capabilities constitute a key engine of growth, and an important source of cumulativeness in the dynamics of economic systems. A greater innovation gap today is likely to lead to a greater income gap tomorrow. The interaction between technological and economic factors would thus possibly drive the countries further and further apart and such a Myrdalian cumulative causation could therefore lead to greater disparities in the years ahead". However, only a few systematic empirical accounts in terms of technological catch-up vis-à-vis NISs exist. This gap is addressed here through an analysis of the different dimension of NISs, namely innovation and technological capabilities, human capital, infrastructures, economic competitiveness, political-institutional factors, and social capital with indicators from the CANA database (covering a time period from 1980 to 2008).
In conceptual terms there is a distinction to be made between catch-up and the more wide scale phenomenon of convergence: whereas catch-up, not to be confused with exact copying (Nelson 2004 ), refers to the experienced narrowing of the gap (to the global leaders) by an individual country, convergence relates to a situation where global overall differences would be shrinking (Fagerberg and Godinho 2004) . However, it seems that this kind of global convergence is highly unlikely and, rather, at best one can describe a number of converging groups (or clubs) of countries (Castellacci and Archibugi 2008) . This dichotomy acts as the motivation behind this paper: the issue of global convergence in the technological capabilities of countries is examined through different dimensions of NISs to investigate 1) whether or not there is evidence on the existence of contemporary global convergence in NIS capabilities, 2) whether one can designate clear groupings of converging (catching-up) countries, and 3) how do these results relate to economic development? 2 National innovation systems: Definition, dimensions and technological catch-up
Varying definitions of national innovation systems
Since the early works on NISs by Freeman (1987) , Lundvall (1992) , and Nelson (1993) the concept has evolved to encompass a number of varying definitions and has spurred a diversity of related concepts, such as regional, sectoral, and technological innovation systems. As a common nominator the varying definitions consider innovation through a systemic approach with feed-back loops rather than as a linear process. Similarly, in NIS definitions the importance of other actors than strictly firms engaged in innovative activities are stressed and brought to the fore when discussing the innovative capabilities and performances of nations.
Already in the 1980s, Perez (1983) discussed on a national level how structural changes and the assimilation of technological innovations are driven through two distinct groups (namely the "socioinstitutional" and "techno-economic" sub-systems) of characteristics. Accordingly, the concept of NISs can be defined in a narrow (the main sources of innovation, i.e. those institutions that are deliberately promoting the acquisition and dissemination of knowledge) and broad (a wider socioeconomic system including political and cultural determinants) sense (Freeman 2002; Lundvall 1992) . As stated by Lundvall (2011) narrow definitions of NISs are of limited relevance when it comes to the NISs of the less developed economies due to their modest innovative output (which does not necessarily coincide with contemporary and future potential for innovation). Thus, here the broad definition of NISs was adopted as the framework for the empirical investigation. At the same time, however, when considering NISs according to the broad definition, the empirical measurement of NISs becomes highly problematic, since the complexity of the approach renders quantitative analysis challenging (Katz 2006) . Castellacci and Natera (2011) have proposed a division of six distinct dimensions to be considered when threating NISs empirically: 1) innovation and technological capabilities, 2) education system and human capital, 3) infrastructures, 4) economic competitiveness, 5) political-institutional factors, and 6) social capital. Thus, to guide the data gathering processes (and further the empirical analysis) this division was also adopted here to describe the various dimensions of NISs in a broad sense.
Finally, it has to be noted that the NISs approach has also raised several critical questions on its applicability and suitability for empirical studies as well as for policy-making (Raunio and Kautonen 2014) . Notably, Miettinen (2002) has criticized the employment of the approach as a policy tool, Carlsson et al. (2002) have discussed the problems related to the delineation of innovation systems, since NISs do not develop in isolation but are influenced by other countries and their NISs (Davenport and Bibby 1999) , and for example Intarakumnerd, Chairatana, and Tangchitpiboon (2002) have pinpointed some complications inherent in adopting such an approach in the context of developing countries. Additionally, the difficulties related to the empirical validation of the concept and crosscountry comparisons of NISs have been discussed in a range of studies (e.g. Balzat and Hanusch 2004; Guan and Chen 2012) . However, despite this well-placed criticism the NISs approach can be considered as a valuable analytical tool for examining the issues of innovation and technological capabilities and catch-up due to its systemic nature that includes various "softer" dimensions, besides strict measures for innovation inputs and outputs, also relevant for economic development.
Dimensions of the broad definition of national innovation systems
A major factor in determining the innovative performance of a given country is the level and condition of its innovation and technological capabilities. These issues relate to the measurable items of research and development (R&D) expenditure and personnel, scientific quality in terms of numbers of research articles, royalty and license fees as well as to patents. For example, the results of Furman and Hayes (2004, 1350) suggest that "continuously increasing investments in innovation is, ultimately, essential for achieving innovative leadership". However, innovation and technologic capabilities are essential but not sufficient to gather for the different aspects of innovation systems necessary for sustained innovation development. Rather, the NISs also need a certain degree of absorptive capacity for imitation-based technological development and catch-up (Castellacci and Natera 2013) .
Thus, other dimensions besides innovation and technological capabilities are needed to explain the innovative performance of nations. One such dimension with almost a universal agreement on its positive impact for innovation is that of human capital (and education system). At the national level human capital is commonly proxied through various indicators depicting the official educational attainment levels of its population and other schooling related measures such as educational expenditures and teacher-pupil ratios (Gennaioli et al. 2013; Teixeira and Fortuna 2010) . As stated above, empirical works have indeed corroborated the positive impacts of human capital (or educational attainment) on nations' innovative capabilities and performance (Makkonen and Inkinen 2013; Teles and Joiozo 2011) . In fact, human capital can be seen as a major factor for countries in developing their NISs from a purely imitation-based phase towards a more developed innovation stage (Castellacci and Natera 2013) .
Additionally, the quality of national infrastructures also matter. The dimension is commonly associated with indicators related to the knowledge transfer and diffusion aspects of NISs, including the numbers of Internet users and telephone subscribers (Baskaran and Muchie 2006) as well as the volume of cross-country transportation and the quality of national transport infrastructure also highly important for innovations (Ridley, Yee-Cheung, and Juma 2006) . In particular, the importance of information and communication technologies (ICT) has been proven to play a significant role in the diffusion of knowledge across the globe, which is important for innovation creation as well as for the national absorptive capabilities in imitating and adopting innovations produced elsewhere (Castellacci and Natera 2013) . This heightened importance of ICT, might turn out particularly problematic for developing countries, since according to empirical evidence, they seem to lack behind in the access to (and the ability to use) ICT (Hilbert 2010) .
In turn, the economic competitiveness of nations has a pivotal role in the development of NISs.
However, in the sense of the economic competitiveness discussed here, other factors than strict growth rates of gross domestic product (GDP) are taken into account as the dimension relates to the financial and legal aspects of NISs; in short, financial constraints significantly reduce the likelihood that firms have innovative activities (Savignac 2008) . Thus, the importance of issues such as the time and cost of enforcing contracts, the availability of credits from the banking sector, and the importance of an open, free, and well-functioning financial system for the NIS development is evident (Castellacci and Natera 2011; Kim 2000) .
In line, political and institutional factors are highly significant for vibrant NISs and technological catch-up (Mudombi and Muchie 2014; Pinto and Santos Pereira 2013) . Therefore, countries with basic (democratic) freedoms (such as freedom of speech and press, political rights, etc.), low levels of corruption and institutions supportive towards innovation seem to do well in global NIS comparisons (Makkonen 2014) , since political-institutional processes, stability, and arrangements play a crucial role in the competitive performance of firms at the sectoral and national levels (Kim 1998 ). For example, political instability exerts a strong (negative) influence on innovation inputs in NISs (Allard, Martinez, and Williams 2012) and efforts to foster innovations within an economy will be more productive if accompanied by policy reforms aimed at controlling corruption (Anokhin and Schulze 2009 ).
The last, but equally important, dimension of NISs covers the aspect of social capital. Social capital has been deemed as highly important for innovation creation in regional and national scales (Doh and Acs 2010; Kallio, Harmaakorpi, and Pihkala 2010) through its significance in forming trustworthy milieus for innovation cooperation (Kaasa 2009 ). However, the concept is both; fluid in its description (since there is no universally agreed definition of social capital) as well as hard to measure and validate (Tura and Harmaakorpi 2005) . This renders any empirical treatment of the dimension as extremely difficult and subject to debate. Here, the concept is understood through the works of Putnam (2000) as the features of social organization (including networks, norms, and trust) that facilitate cooperation for mutual benefits. Accordingly, commonly utilized empirical proxies for social capital include measures related to mutual trust, associational activities and membership, importance of social ties, social equality (or inequality) as well as civic norms (Castellacci and Natera 2011; Doh and Acs 2010).
Earlier empirical studies on technological catch-up
The existing empirical evidence on technological catch-up seems to be rather inconsistent. For example, Furman and Hayes (2004) observed that the gap between the most and the least innovative countries (in terms of relative innovation productivity) had diminished during the twenty years' timeperiod they investigated. The gap still remained, but it was relatively smaller in 1999 than in the beginning of their observation period in 1978. Similarly, the list of countries to introduce innovations truly new-to-the-world had widened to include a number of former imitator countries. Contrary, Castellacci and Archibugi (2008) have presented evidence that whereas what they have termed as the "followers club" has come closer to the technological frontier, the marginalized group of countries has, in fact, experienced a widening gap in innovative capabilities vis-à-vis the rest of the world. Accordingly, Kemeny (2011) has shown that a large technology gap separates the most and the least sophisticated economies in the world. Moreover, according to his data and observation period from 1972 to 2001 this gap has been growing: the development of technological sophistication of economies was characterized by stagnation of countries at the bottom of the spectrum, moderate technological upgrading in the middle and rapid expansion of technology levels at the top.
When it comes to distinct country groupings it seems that for example the BRICS (Brazil, Russia, India, China, and South Africa) as well as the new EU-member countries of the East and Central Europe seem to have been able to catch-up to the world leaders in innovation (Altenburg, Schmitz, and Stamm 2008; Makkonen 2014) . As pointed out in the introduction this, however, does not necessarily indicate that global convergence would be under way. Moreover, from a methodological point of view, recent studies on technological catch-up have noted that relying on a single metric related to world frontier innovation activities (such as the European Innovation Scoreboard) omits a number of important NIS factors (according to the broad definition) for follower countries and, hence, is inadequate for analysis concerning economies behind the technology frontier (Kravtsova and Radosevic 2012) .
In sum, it seems that the evidence whether the gap between the most innovative and least innovative countries has indeed been diminishing over the last few decades is inconclusive. What is clearer is that at least some countries have been able to catch-up to the world leaders in innovation.
Moreover, whether or not countries have been able to catch-up seems to depend much on their ability to develop their NISs (Fagerberg and Verspagen 2007) . However, the existing studies do not convincingly indicate (or rather have not discussed the issue) global convergence in terms of the different dimensions of the broad definition of NISs since they 1) have more often focused on a restricted group of rich countries frequently neglecting the developing world and 2) have mainly focused on the innovative performance (narrow definition) of nations leaving aside the (broad definition) different dimensions of NISs (Castellacci and Archibugi 2008) .
Data and methods
The data used here was gathered from the CANA database, which as stated by its constructors "provides full information for the whole set of country-year observations, i.e. it contains no missing values" (Castellacci and Natera 2013, 583) In terms of identifying the convergence clubs the method utilized here is that of principal component analysis (PCA). In short, PCA is a commonly applied method for constructing composite indexes i.e. when pursuing to compress the information present in several measures into one (or a few) principal components (PC) expressing the dimension under scrutiny (Jolliffe 2002) . In PCA it is presupposed that there are statistically significant correlations between the variables included in the analysis.
Therefore, the measures used in this study for PCA suitability are the Bartlett test of sphericity testing whether the values of the correlation matrix equals to zero and the Kaiser-Meyer-Olkin measure testing whether the partial correlation among variables is sufficiently high. The analyses conducted here passed these "suitability" tests. (1) Thus, by repeating the analysis for every year one will be in a position to detect any clear groupings of convergence countries that (might) have been steadily increasing their capabilities in terms of NISs.
The advantage here, when compared to composite indexes with fixed weights, is that the changes in the relative importance of the indicators included in the analysis is also taken into account. Thus, high performance in an indicator of a given country that has lost its explanatory power during the time period analysed does not lead to overestimations of the contemporary position of that country in the global ranking. Here the number of countries included was maximized, a direction highlighted by Filippetti and Peyrache (2011) as an important avenue for research, by excluding the variables of the CANA-database that did not have a full country coverage out of the PCA to address the phenomena of global convergence and catch-up with a wider set of countries (see Table 1 ).
Results

Global convergence?
When investigating the different dimensions of NISs (the index year was set to the start of the observation period: 1980) of the range between the minimum and maximum quintile cut off points, i.e. the gap between the best and the weakest performing countries in each indicator, it becomes obvious that a large scale global convergence is not underway (Figure 1 ). In the dimension of innovation and technological capabilities the gap has widened in every measured indicator. For royalty payments, patents, and R&D the widening of the gap is marked, but for scientific articles the divergent development paths have led to a staggering difference between the minimum and maximum quintiles, which was over four times higher in 2008 to what it was in 1980. When it comes to the dimension of human capital and education system; the evidence points towards widening gaps in terms of tertiary education as well as teacher-student ratios. The steep rise in the gap of tertiary education is in particular worrying for global convergence. However, as a distinct positive development the differences in primary and secondary education, mean-years-of-schooling, and public expenditure on education have narrowed down (a bit) during the observation period.
<Figure 1 about here> Contrary, in terms of the national infrastructures the situation seems bleak for global convergence.
Whereas, the gap in indicators measuring paved roads has remained relatively stable, the gap has and social capital as well as in political-institutional factors. As a whole, the country-wise differences in NIS capabilities, according to the individual indicators measured, seem to have either remained more or less the same or rather taken a turn towards growing differences between the best and the weakest performing countries.
Convergence clubs
A certain amount of catch-up can be detected from 
Implications for economic development
The discussion on NIS capabilities relate to their ability to produce innovations further transformed into economic development. By taking account the broader definition of NISs the paper has been able to raise some interesting points. First, the inclusion of a multitude of "soft" factors into the analysis does not change the composition of the top performing countries to a significant degree: 
Conclusions
Here, the concept of technological catch-up was explored through the NISs framework by . Third, the comparisons between NIS and economic growth rankings were not able to produce conclusive evidence on the interconnections between them. At first glance it seems that the two are definitely associated with each other since the NIS and economic development rankings are highly correlated. Then again, a further inspection does not indicate causality between the two: an improvement in one of the rankings does not always lead to a subsequent improvement in the other even after a time lag. However, it is also stressed here that the NIS development should not be only viewed as a means of gaining economic growth, but also as a measure for the broader sustainable and inclusive socio-economic development of the countries.
A definite policy implication of this study can therefore be found in an attempt to encourage countries to think beyond their economic growth rates when developing their respective NISs. NISs can be considered as more than merely the sum of innovation inputs and outputs and the following economic advancements. They can be viewed as the total value of the development in a given country including a broader set of "soft" dimensions such as basic political-institutional freedoms as well as the qualities of national infrastructures and educational system together with the "hard" measures of economic and innovative success. Striving to develop the economy in a way that takes into account both the "hard" and the "soft" factors ought to be universally embraced as a cornerstone to witch economic growth should be based on. With this it is also acknowledged that the western ways and Finally, it has to be noted that the discussion on the broader definition of NISs together with the chosen methodology is not without its limitations. First, the concept of NISs itself has received its fair share of criticism. However, as shown here the approach can serve its purpose as an analytical tool, when keeping in mind the varying problems related to its empirical treatment and validation.
Second, it is acknowledged here that PCA is a rather descriptive method: while useful for exploring the data and in deriving a "big picture" further analysis with more sophisticated methodology are needed to analyse the issues brought forth here in a greater detail. For example, an interesting further step would be to test the efficiency of the NISs as in Zabala-Iturriagagoitia et al. (2007) , to divide the dimensions of NISs into separate socio-institutional and techno-economic sub-systems (or pillars) as in Hanusch and Pyka (2007) or to check for the compositional effects of NISs as in Filippetti and Peyrache (2011) to get a better picture of the interconnectedness of the broader definition of NISs (and its various dimensions or sub-systems) and economic growth. Third, despite its usefulness the database utilized here has its limitations, as it has been compiled from many subjective evaluations 
